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Optical Colonoscopy has been the Gold Standard investigation for the diagnosis of colorectal dis-
eases however a better investigation is required to attain high diagnostic yield along with minimal
invasiveness and good patient acceptance. Virtual Colonoscopy offers another modality for assess-
ment of colorectal pathology and promises to play an important role in the future in this regard.
Method: Forty-two patients suspected of having colorectal lesions were included in the present
study over one year period. Patients were assessed by Optical Colonsocopy (OC) and Virtual
Colonoscopy (VC) and the efﬁcacy of VC was compared statistically with OC.
Results: 38 patients demonstrated lesions in a study population of 42 on OC. VC was able to detect
lesions in 37 patients. The sensitivity and speciﬁcity of VC was 97.4% and 100% respectively. The
results obtained by VC were comparable to OC (p> 0.05).
Conclusion: Virtual Colonoscopy is a new 3D diagnostic modality. Its efﬁcacy in lesion detection,
less time requirement for performance, good patient compliance, and detection of extracolonic8481310.
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Colorectal pathology has always been a major source of mor-
bidity and mortality. Benign as well as malignant pathologies
affecting the large gut put a great constraint on the limited
health and ﬁnancial resources. The most well known and prob-
ably one of the best studied pathologies amongst these is the
Colorectal cancer. Colorectal cancer (CRC) is a leading cause
of mortality due to cancer in the Western world. More than
1,000,000 new cases occur per year. There is an estimated life-
time risk of 5–6% in the west due to Colorectal cancer (CRC)
with nearly 50% mortality (1). Colorectal cancer (CRC) is the
third most common cancer in men (10.0% of the total cancers)
and the second in women (9.4% of the total cases) worldwide
(2). Out of all the countries the highest incidence occurs in
Australia, New Zealand and Western Europe, while the lowest
reported incidences are in Africa (except Southern Africa),
Central and South Asia (2).
The 5-year survival rate for patients with colorectal cancer
is presently reported to be 83–90% if disease is conﬁned to the
bowel wall and less than 10% if there are distant metastases;
thus, early detection and treatment are critical (3).
Numerous methods such as Faecal occult blood testing
(FOBT), double contrast barium enema (DCBE), ﬂexible sig-
moidoscopy (FS) and Optical Colonoscopy (OC) have been
used with varying efﬁcacy for the screening and evaluation
of colorectal lesions so as to facilitate treatment at the earliest.
Apart from Optical Colonoscopy (OC) other investigations
have relatively low sensitivity and speciﬁcity in detecting colo-
rectal pathology. (See Figs. 1–4).
Virtual Colonoscopy (VC) is a technique for the detection of
colorectal mass lesions. Virtual Colonoscopy uses advanced visu-
alization technology that permits aminimally invasive, structural
evaluation and rapid imaging of the entire colorectum (4,5).
The technique permits evaluation of the colon proximal to
obstructive lesions, and also of extracolonic abdominal and
pelvic organs. Virtual Colonoscopy (VC) is less invasive than
conventional Optical Colonoscopy (OC) and does not require
sedation. There is a low risk of procedure related complica-
tions associated with Virtual Colonoscopy (VC). Preliminary
studies show that patients prefer Virtual Colonoscopy (VC)
to both double-contrast barium enema and Optical Colonos-
copy (OC). We prospectively compared multidetector Virtual
Colonoscopy (VC) with Optical Colonoscopy (OC) for the
detection of colorectal polyps and cancer.
2. Materials and methods
The present study was conducted in the Department of Radio-
Diagnosis and Department of Gastroenterology, I.G.M.C.,
Shimla over a period of one year w.e.f. 1st June 2011 to 31st
May 2012. Forty-two patients having signs and symptoms of
colorectal lesions (abdominal pain, diarrhoea, constipation,
lower gastrointestinal bleeding, anaemia, weight loss) as well
as those suspected of lesions on other screening tests wereincluded in the present study. Patients with contraindications
to contrast enhanced CT scan, intestinal obstruction, gut per-
foration or other contraindications were excluded from the
present study. In them, Virtual and Optical Colonoscopy were
performed within two weeks of each other. Virtual Colonos-
copy data were reported using CT Colonography Reporting
and Data System (C-RADS).
All patients gave informed consent, and the study was ap-
proved by the institutional Ethics Committee.
2.1. Virtual Colonscopy (VC) preparation
The patients included in this study received a low residual diet
for 2 days before the examination with Virtual Colonoscopy.
The bowel was prepared with 2 l of polyethylene glycol electro-
lyte solution (Peglec Tablet, India limited) received 6 h prior to
the procedure. The Virtual Colonoscopy was performed on 64
slice MDCT GE (General Electronics) LIGHT SPEED VCT
Xte machine, with 5 mm collimation, 40 mm detector cover-
age, 0.6 s rotation time, tube current between 80 and
250 mAs and tube voltage between 100 and 120 kvp.
The patient was placed in the left lateral decubitus position
and the colon was insufﬂated with 40 puffs (approximately
50 ml/puff) of room air or up to the tolerance of patient, gently
through a rectal tube orFoley’s catheter whicheverwas available.
Scan was performed from the dome of diaphragm to the lower
end of the ischial tuberosity. A CT scout image was obtained to
ensure adequate bowel distension in the prone position. Unen-
hanced scan was taken in the prone position. However, before
scanning patient in the supine position, the colonic distension
was ensured by insufﬂating additional air to patient’s maximum
tolerance and checked by taking a second CT scout image. Ade-
quate colonic distension was ensured by a repeat scout ﬁlm and
additional air insufﬂations were provided if required. An iodin-
ated non-ionic contrast (80 mL) was injected intravenously at
4 mL/s using a pressure injector, and images were acquired in
the portal venous phase in supine position. All scans were ob-
tained in cranio-caudal direction with suspended respiration.3. Data analysis
3.1. Image processing
The reconstructed image data from both supine and prone
scans was networked to the real time interactive workstation
Advantage Windows version 4.5 (GE Medical systems). Axial
2D CT images and endoluminal 3D reconstructions were ob-
tained. The datasets were examined as continuous 0.625 mm
thick sections in the axial view as primary display method.
Any abnormality detected during the review of axial sections
was further subjected to coronal and sagittal multiplanar
reformatted images as well as volume rendered endoluminal
views using a ﬂy through the mode of navigation system for
veriﬁcation.
Fig. 1 Pedunculated polyp in a 5-year-old male child histologically proven as benign adenomatous polyp. (a), (b) and (c): Axial (supine),
coronal and sagittal Contrast Enhanced CT shows a single pedunculated polyp in the sigmoid colon respectively. (d) and (e): Three-
Dimensional Endoluminal view of Virtual colonoscopy and Optical colonoscopy respectively shows the same polyp.
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Fig. 2 Well differentiated adenocarcinoma in a 65-year-old male. (a) Axial (prone) CT colonoscopy image showing irregular thickening
of the haustra in the ascending colon. (b) Transverse 2D MPR shows better appreciation of the growth. (c) Endoluminal view of Virtual
Colonoscopy showing growth involving the ascending colon. (d) Conﬁrmation of growth involving the ascending colon in the optical
colonoscopy (e) Volume rendered image depicts lesion in the ascending colon.
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The data obtained were analysed independently by at least two
experts from the Department of Radio-Diagnosis IGMC who
were unaware of clinical data of the patient as well as results of
previous imaging or screening modality. The differences of
opinion in any case were resolved by consensus.
For the study purpose the colon was divided into six seg-
ments i.e. the caecum, the ascending colon, the transverse co-
lon, the descending colon, the sigmoid colon and the rectum.Lesions detected were described in terms of their size, number,
morphology, location and extent.
4. Optical Colonoscopy
Optical Colonoscopy was performed by an experienced gastro-
enterologist in the Department of Gastroenterology using
standard colonoscopy instruments (EVIS EXERA II colono-
videoscope standard set model CF-H 180 AL). The observa-
tions were made regarding the site, number, morphology,
Fig. 3 Ulceroproliferative growth involving the right lateral wall of the rectum in a 37-year-old male. (a) Axial (prone) image of CTC
showing ulceroproliferative growth in the rectum (b) and (c) depicts the growth on the right lateral wall in the Virtual and Optical
Colonoscopy respectively. (d) Axial (supine) CE CT image demonstrates lymphnode in the pararectal region.
Evaluation of the efﬁcacy of Virtual Colonoscopy 437and extent of the colorectal lesions. Biopsy was performed
when the lesion was detected. Irrespective of the fact whether
Virtual Colonoscopy or Optical Colonoscopy was done earlier,
the performer was blinded to the ﬁndings of the ﬁrst study per-
formed at the time of evaluation by the second technique. The
results obtained by both the methods were compared thereaf-
ter with the results of Optical Colonoscopy being considered as
the Gold Standard. The efﬁcacy of Virtual Colonoscopy as a
tool to assess colorectal lesion was calculated statistically.
4.1. Statistical analysis
Results ofVirtualColonoscopywere comparedwith the results of
Optical Colonoscopy taking the latter as the Gold Standard interms of sensitivity, speciﬁcity, positive predictive value and neg-
ative predictive valuewith>95%of conﬁdence limit.Descriptive
analysis and kappa analysis were applied as per requirement.5. Results
Forty-two (42) patients were evaluated by Virtual Colonos-
copy and Optical Colonoscopy in the present study. Four (4)
patients had no lesion evident on both the techniques and were
considered negative cases. The two modalities were considered
for a comparison of ﬁndings in 38 positive cases only.
Out of the total 38 positive cases, 22 (57.9%) patients were
males and 16 (42.1%) were females. The mean age of presen-
Fig. 4 Sessile polyp proven as adenocarcinoma present in the anterior wall of rectum of a 44-year-old female (a) and (b) Axial and
sagittal supine CTC image showing a sessile polyp less than 10 mm in maximum dimension projecting into the lumen (c) Three–
Dimensional Endoluminal view of Virtual Colonoscopy demonstrates the same lesion as focal thickening of haustra.
438 C.S. Thakur et al.tation was 53.68 ± 16.82 years. Most patients (78.94%) be-
longed to the age group between 41 and 80 years of age.
Main complaints of patients were bleeding per rectum
(63.3%), altered bowel habits (10.5%), anaemia (10.5%),
and pain abdomen (7.9%). Nineteen patients (50%) were
smokers, out of which 13 (34.22%) were males and 6
(15.78%) were females. Anaemia was prevalent in 27
(71.1%) cases. Nine patients (23.7%) had ulceroproliferative
growth on per rectum examination. Three (7.9%) had annular
stenosing growth while polypoidal mass was palpable on per
rectum examination in one patient (2.6%). Twenty-ﬁve pa-
tients (65.8%) with colorectal lesion had no abnormality
detectable on per rectum examination.
On Virtual Colonoscopy (VC), lesions were detected in 37
patients while on Optical Colonoscopy (OC) lesions were de-
tected in all of the 38 patients. There were 2 synchronous lesions
in a single patient detected by both Optical and Virtual Colon-
oscopy. In 38 patients there were a total of 39 lesions. Out ofthese 39 lesions (37 single and 2 synchronous), Virtual Colonos-
copy therefore detected 38 and Optical Colonoscopy detected
39 lesions. The sensitivity of Virtual Colonoscopy to detect le-
sion was 97.4% and speciﬁcity was 100%. Optical Colonoscopy
being the Gold Standard had a sensitivity and speciﬁcity of
100%. The positive predictive value was 100% and negative
predictive value was 80% for Virtual Colonoscopy.
There was a high level of agreement between Virtual and
Optical Colonoscopy on colonic ﬁndings of Kappa analysis
(value 0.898 and p< 0.05).
The distance of the lesion from the rectum was measured by
both Virtual and Optical Colonoscopy. It was however not
feasible to measure the distances of all the lesions with Optical
Colonoscopy as curvatures and folds in the large gut made
measurements difﬁcult. The distance of the lesion from the rec-
tum was measured in 37 patients (97.36%) using Virtual
Colonoscopy; whereas Optical Colonoscopy measured the dis-
tance in 11 patients (28.95%).
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tients (66.4%). The right side of the colon was involved in 10
patients (26.3%) and the transverse colon was involved in
one patient (2.6%) on Virtual Colonoscopy. One lesion
(2.6%) which was missed on Virtual Colonoscopy involved
the right side of the colon.
The increased occurrence of colorectal pathology in the rec-
tosigmoid region was found to be statistically signiﬁcant with p
value <0.05 on applying non parametric Chi Square test.
The size of the lesion was measured in Virtual Colonos-
copy. Difﬁculty was encountered in measuring the size of the
lesion with Optical Colonoscopy, owing to curvatures of the
large gut and the absence of an accurate measuring instrument.
On Virtual Colonoscopy, one lesion with a size <1 cm was de-
tected, three lesions measured between 1 and 2 cm. The
remaining 34 lesions were >2 cm in size on Virtual Colonos-
copy. The smallest lesion described was 0.9 · 0.8 cm and the
largest lesion was 11.2 cm · 2.9 cm in size. Morphologically,
lesions were described as ulceroproliferative/ulcerative, stenos-
ing and polypoidal. Lesions were ulceroproliferative in 24 pa-
tients (61.4%) on both Virtual Colonoscopy and Optical
Colonoscopy. In 12 patients (30.8%) lesions were found to
be annular stenosing. In two patients lesions (5.2%) appeared
polypoidal on both Virtual Colonoscopy and Optical Colonos-
copy. The lesion which was not detected by Virtual Colonos-
copy appeared ulcerative on Optical Colonoscopy.
Extracolonic ﬁndings were evident in 35 patients (92.1%)
on Virtual Colonoscopy. The most common extracolonic ﬁnd-
ing was regional lymphadenopathy which was evident in 19
(50%) patients. Other ﬁndings included visceral or peritoneal
involvement by tumour; renal calculus disease, ovarian cyst
and cholelithiasis.
Lesions were classiﬁed according to the CT Colonography
Reporting and Data System (C-RADS). Thirty-six patients
(94.8%) had a C4 lesion while a single patient (2.6%) had a
C3 lesion. One patient’s lesion was not picked up by VC.
Extracolonic ﬁndings were suggestive of E1 lesion in 3 pa-
tients (7.9%). A single patient (2.6%) had E2 lesion and 6
(15.4%) had E3 lesion. Twenty-seven patients (71.01%) had
E4 lesion.
The lesions detected on OC were biopsied and sent for his-
topathological examination (HPE). Benign adenomatous
polyp was reported on histopathological examination in a sin-
gle case; remaining lesions’ histopathology reports were sug-
gestive of adenocarcinoma.
The mean duration of procedure in Virtual Colonoscopy
was 12.57 ± 1.56 min and 23.83 ± 2.98 min. in Optical
Colonoscopy.
The difference in the duration of the two procedures was
statistically signiﬁcant on paired T test with a p value <0.05.
Out of the 42 patients, 37 (88.1%) patients said that they
would prefer Virtual Colonoscopy over Optical Colonoscopy
for the evaluation of the colon while 5 patients’ (11.9%) pref-
erence was Optical Colonoscopy over Virtual Colonoscopy.
On applying the Chi Square test, a signiﬁcant difference was
found (p< 0.05) in patient’s preference for Virtual Colonos-
copy over Optical Colonoscopy. Patients preferred Virtual
Colonoscopy because of less discomfort and shorter duration
of the procedure.
None of the patients had any complication during or after
the procedure in any of the two used modalities.The mean effective dose of radiation in Virtual Colonos-
copy was 7.45 ± 0.61 mSv, the minimum and maximum being
6.3 mSv and 8.8 mSv respectively.
Virtual Colonoscopy was completed in all 42 cases. While
performing Optical Colonoscopy the colon could not be eval-
uated completely in seven cases owing to proximal obstructing
lesions which prevented an assessment of the bowel proximal
to the affected site. On performing the Chi Square test for cat-
egorical data, this inability of Optical Colonoscopy to com-
plete the procedure was found to be statistically signiﬁcant
with a p value < 0.05.
6. Discussion
Optical colonoscopy is considered to be the Gold Standard
investigation for the detection of colorectal pathology. Its
excellent ability to pick up the lesions along with the advantage
of providing tissue biopsy makes it a forerunner in the avail-
able diagnostic modalities. It however is not infallible and is
limited in situations such as obstructive pathology and in an
uncooperative patient. Being an invasive procedure, it requires
sedation and is time consuming, making it relatively less toler-
able by an average patient (6). Despite its efﬁcacy, small polyps
less than 1 cm may be missed in 10–20%; the entire colon may
not be visualized in 5–10% of cases which along with the risk
of bleeding and perforation of the gut (0.1–0.3%) highlights
the need for better diagnostic modalities for colonic assessment
(6).
Virtual Colonoscopy (VC) is a technique for the detection
of colorectal mass lesions. This procedure has already proved
its signiﬁcance amongst a variety of other available diagnostic
options. Virtual Colonoscopy uses advanced visualization
technology that permits a minimally invasive, structural evalu-
ation of the entire colorectum. It has several potential advan-
tages over other screening tests, including rapid imaging of the
entire colorectum; a relatively noninvasive technique, with no
need for sedation; and a low risk of procedure related compli-
cations. Virtual Colonoscopy is currently performed in symp-
tomatic patients of suspected colorectal pathology as well as in
patients with failed or incomplete Optical Colonoscopy which
in turn may be due to reasons such as colorectal cancer, diver-
ticular disease, redundant colon, adhesions, residual colonic
content, patient intolerant to Optical Colonoscopy or other
factors. It is also used along with Optical Colonoscopy in or-
der to establish the diagnosis as well as for staging the pathol-
ogy. In addition it can also evaluate the abdomen for local
tumour spread, visceral or lymph node metastasis and for stag-
ing. Complication rate with Virtual Colonoscopy has been re-
ported to be less compared with Optical Colonoscopy, with a
reported perforation rate between 0.03% and 0.009% respec-
tively (7).
Virtual Colonoscopy is also preferred in patients where
Optical Colonoscopy is contraindicated as in patients with se-
vere cardio-pulmonary disease, coagulation abnormalities or
on anticoagulant therapy and frail patients who might not tol-
erate the procedure.
In a systematic review and metaanalysis involving forty-
nine studies that provided data on 11,151 patients with a
cumulative colorectal cancer prevalence of 3.6% (414 cancers)
the sensitivity of Virtual Colonoscopy for colorectal cancer
was 96.1% (398 of 414; 95% conﬁdence interval [CI]: 93.8%,
440 C.S. Thakur et al.97.7%). The sensitivity of Optical Colonoscopy for colorectal
cancer, derived from a subset of 25 studies including 9223 pa-
tients, was 94.7% (178 of 188; 95% CI: 90.4%, 97.2%) (8).
The results of this study concluded that VC is highly sensitive
for colorectal cancer, especially when both cathartic and tag-
ging agents are combined in the bowel preparation.
The sensitivity of Virtual Colonoscopy in this meta analysis
correlated well with the result of the present study where a sen-
sitivity of 97.4% was obtained. The ability of Virtual Colonos-
copy to detect lesion increased with the increasing size of the
lesion. For lesions less than 5 mm in size the reported sensitiv-
ities of Virtual Colonoscopy dropped sharply to around 50%.
Diminutive colonic lesions (<5 mm in size) are considered as
clinically insigniﬁcant. Only few of these lesions are adenoma-
tous on histology, with fewer than 1% being histologically ad-
vanced, and almost none being malignant. Thus despite its
unimpressive yield at lower lesion sizes, Virtual Colonoscopy
in the light of the above mentioned data appears to be a good
mode of investigation for screening and assessment of colorec-
tal lesions.
One lesion was missed by Virtual Colonoscopy in the pres-
ent study. The lesion was located in the right side of the colon
with ulcerative morphology although its size was not men-
tioned on Optical Colonoscopy.
Extracolonic involvement was present in 35 (92.1%) out of
38 patients. Commonest ﬁndings were regional lymphadenop-
athy (50%), visceral and peritoneal involvement.
A limitation of the present study was its smaller sample
size. A larger prospective study is required to effectively estab-
lish the results that were achieved in the present study. The
study did not include the surgical ﬁndings of the same patients
which could have aided in correlating the ﬁndings observed on
both Optical Colonoscopy and Virtual Colonoscopy.
In conclusion Virtual Colonoscopy appears to be an effec-
tive, reliable and fast method to assess colorectal pathologyand along with Optical Colonoscopy seems to be the main
diagnostic tool for evaluating the colon and rectum. Virtual
Colonoscopy and Optical Colonoscopy should be considered
as prime modalities for disease assessment rather than consid-
ering them as competing diagnostic tools. Together these two
investigations form the backbone of the imaging of colorectal
pathology greatly facilitating the appropriate treatment of the
disease.
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